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ABSTSACT 

Eighty college students 4fith no computer programing 
experience nere the subjects of a study to determine the effects of 
the use of advanced organizers and subject control of instruction on 
performance. Students either received a logical cr a scrambled 
sequence of instructional frames on computer programing, were either 
allowed to alter the order of the frames or vere not, and either 
received pretraining vith a concrete model of a computer or did not. 
On a test the students who had pretraining vith the model and 
controlled the order of the instructional frames performed better on 
far transfer Items: those vith no model pretraning and experimenter 
controlled instructional frames performed better on straightforward 
problems* There vere no reliable effects due to sequencing of frames* 
(Author/JT) 
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Eighty non-programmers either received pretraining vith a concrete 
model of the caaputer or not (Model vs. No Model), received either a 
Logical or Scramble^ sequence of text frames for coupiiter programming, 
and T^ere either allowed to alter the order or not (S vs, E control). On 
a test. Model pretraining and S-njontrol resulted in better IJerformance 
on far transfer items, vhile Ho Model pretraining and E-^control res>ilted 
in superior performance on straightforvard problems. There vere no 
reliable effects due to sequencing of frames, ]taplications for 
instruction for technical infoimation vere discussed. 
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Objectives ana theo ry. 14ayer ana Greeno (l972) have susgested that meaningful 
learning depends on the following processes; (l) receiving the to^-he-learned 
information, (2) having a meaningful learning set availahle to ijhich ncv 
information may he assimilated, (3) actively processipg or activatii^g the meaniiig* 
fill learning set during learnii^g* The present eocpCTlment inveirtigated three 
factors influencing the acquisition of a technical ccsaputo: prograramins language 
hy non^-progranimers — ►pretraining vith a concrete model of the ccmputer expressed 
in f^iliar terns (vhich may influence the availahility of a meaningful learniiig 
set), suhject control over the order of presentation of instructional frames 
(which may influence the activation of a meaningful learning S3b), and iDgiaal vs» 
scrsmhled sequencing of teKt frames (vhich may influence the amounc of Information 
received). 

According to Ausul:)el*s (l9<59) concept of "advance organisers," pretrainicg 
with the model could help estaHish a meaningful learning set, ai:cl result in a 
qualitatively different kind of learning outcciae as ccanpared to nonnaiodel subjects 
who assimilated infann^ifcion bo a less meaningful learning set, Differences 1b 
the transfer performance — ^the pattern of transfer — voTJld he predicted "befc^ueen 
the Model and No Model subjects* Similarly, subject control could result in 
active cognitive involvement (e»8», as suggested by Rothkopf*s (l970) concept 
of ^athemcgenic activity"); hence such subjects ircftild assimilate new information 
to a different type of set than Ebtperim enter -control suhjects, and develop 
qualitatively different learning aatcanes- Again, differences in the pattern 
of transfer performance would be predicted* Finally, the sequencing of naberial 
may result in overall differences if the material is highly sequential arid lengthy, 
but no difference in the pattern of transfer is predicted* 

Data sourftec The suljjects vere 80 Indiana University students who partioipate'i 
in the experiment in order to fulfill a requlreoient for theix introductory 
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psychology course. Subjects had iio prior eicperience with ccmputer progrcnmiing 
and correctly solved at least 3 of 5 algelira substitution problems. 

Method . A ? x 2 z 2 factorial design vas used vlth ten suljjects per cell. 
The factors were vhether or not a concrete model of the computer vas presented 
prior to learning (Model vs. No Model organizer), the sequencing of the 20 frames 
of instruction (Logical vs. Scrambled order), and vhether subjects coxild t^Ater 
the given orderii^g of frames (S vs. E control). 

The concrete model presented the caaputer in familiar terms and consisted 
of a 3 X 2 ft. board Tri-th the following attactoents: a small chalkboard divided 
into 6 squares (described as a 'Memory scoreboard**), tvo envelopes labeled "in" 
aad "out" with small data cards for input (described as a "ticlcet vindov"), a 
note pad and pencil for output (described as a "telephone pad"), and an index 
card with numbers 1, 2, 3, etc. down the margin and a pointer arrow for escecutive 
control (described as a "shopping list"). 

The 26-frame text consisted of 26 k x 6 in. typed induce cards with appros-^ 
imately 100 to 200 words per card. Each card was numbered and labeled on cr*e side 
with the text on the oth®r side. The text gave definitions and examples cf seven 
basic ccmputer programming statements (READ, VRITE, IF, GO TO, STOP, Arithmetic, 
Assigrment) and appropriate grmnmar and format rules. Ko mention of the Eiodel 
was made in the text although Model subjects were asked to try to relate the 
model to the text ditring learning* 

An l8-card deck of test questions consisted of two types of questions 
(Generation of a program given a proldLeBOi and Interpretation of vhat problea a 
given prograra vould solve) and three levels of difficulty (Sir-gle Sfcateraent, 
Short Non-looping Progi^am, and Looping Program) yieldii^g six kinds of questions. 
For example, a generation/non-looplng problem is, "Given that* a card with a 
number on it is input, write a program to print out that number unless it is 
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greater than 5," A generation/looping problem is, "Given a pile of data cards 
is input Tjrite a program to print out each number and stop when it gets to a card 
-with 86 on it,*' An interpretation/looping problem is, *'Given the prosram 

PI READ(Al) 

P2 IF(A1^8) go to P5 

P3 HRITE(Al) 

pl* GO TO PI 

P5 STOP / 
the 0abject must ans"wer 'that a pile of cards is input and list of numbers output, 
and that the program solves the problem above. 

Subjects were randcmly assigned to treatments and run in groups of 2 to ^ 
per session. Subjects in the MOdel group received the niodol and a IJO-vord 
explanation prior to learning and vere allowed to refer to the mcdel during 
learning, while the No Model subjects proceeded dixectly to the instructional 
ftrames, For the instruction, subjects read each of 26 ftrames individually and 
at theix own rates with only one rejading allowed per card. Subjects in the 
Logical group i^^ve given the deck of 26 cards numbered in sto order typical of 
a standard textbook presentation, while the deck of cards of Scrambled subjects 
vas numbered and ordered in a random sequence. Subjects in the E-control 
group read the cards in the order given (either Uoglcal or Scraraaled) '.Jhile 
the S"Control group was given a "Table of Contents" listing the cards (in 
either Logical or Scrambled order) and could ask for the caarde, lyy number or 
name, in any order frcan the table. After reading the 26 cards, all subjects 
received the same iB^-itea test. 

Results, An analysis of variance was performed on the results of the 
test with each itan scored as either right or wrong. The proportion correct 
for each kind of test itea is summarized in the table below. Since there 
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vere no reliable overall or interactive effects due to sequencing of the ?6 
frames (l*e, logical vs, scrambled) the data in the table have been collapsed 
over that factor, Appsrently, the present material was eitha: short enc^ugh or 
redundant enough to be held in metaory, or the material was not highly soGuential 
in nature. 

There was an overall superiority of subjects receivii^g pretraining 
vith the model over subjects who did not (p < -02) and there -was elLso a reliable 
pattern of Interaction in which Model subjects excelled on problems involving 
far transfer suoh as looping or interpretation and Ko Model subjects ^celled 
on problems similar to those in the t^t (Model x Type, p < ,01; Model x 
Difficu3.ty, p < ,10; Model x Type x Difficulty, p < .01). These interactions 
confirm earli^ findings using a similar model in diagram form (Mayer, 1975) 
and suggest that the mcclel may have served to provide a meaningful learning set 
which allowed the subject to encode the text material more T^rosdly and to 
relate it more easily to other familiar experiences. 

There was no overall difference between subjects who controlled the order 
of presentation of frames and those who did not, but there was an interesting 
pattern of interaction between Control x Difficulty (p < ,0l) in which the 
S-control subjects er-ccelled on far transfer problems yuch as looping while the 
E-control subjects excelled on more straightforward pfro^jlems- Apparently, 
S^control results in deeper, mare active encoding, vhich allowed subjects to 
relate the text to other familiar experiences. More research is required to 
determine whether subject control and a meaningful model have similar effects 
on the activation of a meaningful learning set- 
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Generation Inter ptretat Ion 

Group Statement Hcn^Loop I>Qoplng Statement IIon-I>Qop I>QQplng 



Model /S-Confcr ol 


.60 


.73 


.38 


.53 


.55 


.32 


Model /E-Control 


.TO 


.50 


.30 


.60 


.1*3 


.or 


No Mo*lel/S-Coiltrol 


M 


.62 


.13 


.22 


.30 


.or 


Ko Model /E-Control 


.62 


.52 


.13 


.3T 


.23 


.00 



Suppieanental stu<^y * In order to more carefully investigate the role of 
the meaningful model as an advance arganiaer, subjects vere given the text frames 
in the logical order and under E-control Irut received the model either before 
(Group Before) or after (Group After) reading the frames. According to Ausubel*s 
concept of "assimilation" to Meaningful learning set"» laroader learning is 
predicted only for the Before Group. Twenty subjects served In each group, and 
used the same basic procedure, materials and test as in the prenrious study. 

The proportion correct on the posttest is suidmarized belov. An analysis 

of variance revealed that the Before Group performed better overall than the 

After Group (p < .01); in addition, the Before Group performed especially better 

than the Afte^ Group on canplex or "far transfer'* problems (Model Before x Type, 

p < .01; Mtdel Before x Type x Difficulty, p < .05)- 

Generation Interpretation 
Group Statement Hon-Loop Loopinp; Statement Ncn^Lcop Loopiniac 

Model Before .68 .51 .2k .55 -TO ,22 

Model After .69 50 .06 -29 .38 .10 

Educational ]mplicatlf>Qs. These results have direct Implications tar the 
design of instruction for technical information. The present findings esctend 
earlier results (Mayer, i975) that a meaningful model presented prior to 
instruction can serve as a meaningful learning set (Ausubel, 1963), alloving 
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br^jj^rjer encofllng of infonaatlon and Tdder transfer* Sane models that are 
familiar (e*g*, our concrete model of the computer) apparently allow subjects 
to encode new technical information in terms of theix past experiences and 
thus achieve Ijroader learning outccmes as caapared to subjects who learn withcfut 
"benefit of a model* Subject control of the instructional material may have a 
similar effect by encouraging subjects to actively "think about^ the nev learning. 
More research is required to determine the characteristics of a "good" model, 
iTirliv irrei^ences in it>3 xisernlness, and the limits of the usefulness of 
subject control, 
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